Commerical interest in the acetone-butanol fermentation has prompted considerable investigation into methods of solvent production. The bulk of the work on the subject, however, has been concerned chiefly with methods of increasing solvent yields, whereas relatively few studies have dealt with the intermediary metabolism involved. Johnson, Peterson, and Fred (1933) first demonstrated clearly the enzymatic decarboxylation of acetoacetic acid to form acetone. Davies (1942 Davies ( , 1943 , employing the method of manometric measurement, obtained a cell-free preparation of the decarboxylase and purified it in several steps including adsorption on alumina C-y, elution, and fractional precipitation by ammonium sulfate and by ethyl alcohol. He showed further that this purified enzyme preparation when diluted sufficiently would partially dissociate into the component apoenzyme and coenzyme.
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The presence in diaphorase of a factor that acted as the coenzyme in stimulating the decarboxylation of acetoacetic acid by this partially resolved enzyme, the stability of this factor to boiling and to acid hydrolysis, and its inactivation by alkaline hydrolysis, led Davies to postulate that the coenzyme for acetoacetic decarboxylation might be riboflavin phosphate.
Prior to our efforts to characterize this coenzyme, a different method of purification and a more effective method of resolution of the acetoacetic decarboxylase was found and is described here.
EXPERIMENTAL PROCEDURES AND RESULTS
Measurement of decarboxylation. The formation of CO2 was measured manometrically at 37 C in the conventional manner (Umbreit, Burris, and Stauffer, 1945) . Five micromoles of acetoacetic acid prepared from ethyl acetoacetate were added to the side arm of each flask. To the main section of the flask were added the enzyme preparation, 1.0 ml of 2 M acetate buffer at pH 5.3, and distilled water to bring the total volume to 3.0 ml. Inasmuch as the decarboxylase is insensitive to oxygen, an air atmosphere was used. Corrections Cultures were prepared by inoculation from spore stock and passage through two transfers in this medillm at 37 C for 24 hours.
Ten liters of the medium were seeded with 20 ml of active cells from the second transfer, layered with 1 cm of sterile paraffin oil, and incubated at 37 C. The vigorous fermentation that resulted was completed after 72 hours. The cells were removed with a Sharples centrifuge, washed once, and suspended in a small quantity of distilled water. From these whole cells an acetone preparation was made according to the directions of Davies (1943) . A yield of 6 to 7 g of powder was obtained that was stable at refrigerator temperatures for at least several months.
Purification of the enzyme. The enzyme was extracted by suspending 1 gram of the acetone powder in 190 ml of distilled water. The extraction was speeded by blending the suspension in a Waring blender for 1 minute, the increased effectiveness being brought about presuimably by increasing the surface area of the particles. The extraction was allowed to proceed at 37 C for 4 hours and then at 2 C for 12 hours, after which the suspension was centrifuged. The superna- stimulation experiments was prepared by boiling 100 mg of the acetone preparation in 10 ml water for 10 minutes.) Subjecting the whole cells to a pH of 4.0 in a phosphate buffer for 30 minutes at 37 C (Lichstein and Umbreit, 1947) failed to produce any split, nor did drying either the whole cells or the enzyme preparation under vacuum bring about any resolution. These results confirm Davies' observations concerning the close attraction between the acetoacetic apoenzyme and coenzyme and the difficulties of achieving a resolution.
Efforts to disunite the coenzyme were more successful when enzymatic digestions were employed, Although clarase produced no measurable action, papain, alkaline phosphatase, and trypsin split the enzyme to cause a decrease in its activity, which could be restored by the addition of boiled cell extract. The fact that the enzyme was inactivated irreversibly at the low pH required for pepsin hydrolysis discouraged any further work with pepsin. Of the remaining enzymes, trypsin was selected, and the conditions necessary to obtain the maximum resolution of the acetoacetic decarboxylase by trypsin were investigated. A constant response to tryptic digestion was obtained by diluting 5 ml of the purified enzyme solution with 5 ml distilled water and incubating it with 3 mg trypsin (Difco, 1:250) at 37 C for 4 hours, followed by the removal of the digest to a refrigerator at 2 C where it was held for several days. Under these conditions the stimulation of the activity of the partially resolved enzyme by the boiled cell extract was often 100 per cent or more in excess of the rate of the partially resolved enzyme alone. Storage of the purified extract without trypsin gave little or no resolution. This gradual drop in the coenzyme activity as the result of tryptic digestion is shown in table 2. The percentage of stimulation of these corresponding enzyme preparations as a function of the time of tryptic digestion is plotted in figure 1 .
The failure to repeat the split with trypsin on several occasions led to the finding that the amount of trypsin added to a given amount of extract was critical within certain rather narrow limits. In excess of a certain concentration, added trypsin decreased rather than increased the resolution of the decarboxylase. The effect of the trypsin concentration in promoting resolution is shown in figure 2 . A similar and unexplained effect has been noted in the inactivation of urease by pepsin (Sumner, 1949) .
The chances that the resolution accredited to trypsin was actually due to the presence of some contaminating enzyme such as a phosphatase were largely eliminated by digesting the purified extract with crystalline trypsin. A split was obtained of approximately the same nature as that obtained using the relatively crude trypsin preparation.
A glance at the figures in table 2 will show that the inactivation of the decarboxylase by trypsin was not confined to the coenzyme portion. The rapid drop in activity that showed up early in the digestion and that could not be restored by adding the boiled acetone preparation must be interpreted to mean that the apoenzyme was partially degraded. Trypsin added directly to the cup with undigested decarboxylase does not hinder the action, thus ruling out any mere depressing effect of trypsin.
Papain and alkaline phosphatase, as noted, resolve the enzyme to some extent separately. Combinations of phosphatase and trypsin and of papain and trypsin did not increase the resolution beyond that brought about by trypsin alone. Digestion of the purified enzyme with trypsin, accompanied by dialysis against distilled water at 2 C, neither hastened nor increased the resolution, possibly indicating that the enzyme was not simply split into apoenzyme and coenzyme but that the coenzyme was destroyed by the digestion. Increased resolution was not achieved by extending the time of digestion, and after 10 days at 2 C both the base rate of decarboxylation of acetoacetic acid by the resolved enzyme and the stimulation resulting from the addition of the boiled acetone extract decreased considerably, pointing to an extensive degradation of the apoenzyme.
MG TRYPSIN PER 10 ML ENZYME Figure 2 . The percentage of resolution of the acetoacetic acid decarboxylase as a function of the amount of trypsin used in the digest.
Storage of resolved enzyme. The action of trypsin was effectively halted by the lyophilization of the digest. After permitting the digestion to proceed to a point that marked a maximum degree of resolution with a minimum of apoenzyme destruction and after drying the digest under a vacuum at this point, preparations were obtained that could be stored for some time, generally without appreciable loss of activity. Enzyme preparations were shell-frozen and desiccated in about 45 minutes under a vacuum of 50 microns of mercury. Samples of 5 ml each preserved in this way made available a standard apoenzyme source that is being used for testing comparative stimulations by chemically defined materials. These results will be reported later.
A method for the partial purification of the acetoacetic acid decarboxylase of Clostridium madisonii is described. Digestion of the purified enzyme separately by papain, alkaline phosphatase, and trypsin causes a partial resolution of the enzyme. Details are given for the preparation of a tryptic digestion of the purified enzyme the activity of which can be stimulated in excess of 100 per cent of the rate of the resolved enzyme alone by the addition of a boiled extract of the original acetone preparation.
